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GLUE Schema – Short history

l Part of the GLUE collaboration
l Promoted by DataTAG (EU) and iVDGL (US)
l Contributions from DataGrid, Globus, PPDG and 

GriPhyn

l GLUE Schema activity is started in April 2002

A common information model for Grid resources is
one of the main tasks
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GLUE Schema:
modeling guidelines

F Clear separation between system and service entities
§ System: a set of connected items or devices which operate together 

as a functional whole
§ Service: actions that form a coherent whole from the point of view of 

service providers and service requesters
F Generalization 

§ capture common aspects for different entities providing the same
functionality (e.g., uniform view over different batch services)

F Deal with both monitoring needs and discovery needs
§ Monitoring: concerns those attributes that are meaningful to describe 

the status of resources (e.g., useful to detect fault situation)
§ Discovery: concerns those attributes that are meaningful for locate 

resources on the base of a set of preferences/constraints (e.g.,
useful during matchmaking process)
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GLUE Schema:
status

F Current Conceptual model - version 1.1
Finalized in Mar ‘03
Some fix to Computing/Storage resources model from v1.0
Model of network resources
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GLUE: Implementation Status 

l Implementation status - version 1.1
q For Globus MDS 2.x (part of GT 2.x):

LDAP Schema (DataTAG WP4)
Info providers both computing (EDG WP4, valid for PBS, LSF and 
Condor) and storage resources (EDG WP5, valid for trivial file system 
and edg-se)

q For EDG R-GMA:
Relational schema (EDG WP3)
Info providers for computing and storage resources translate output 
of LDAP info provider in a suitable format to be stored in the 
relational model (EDG WP3)
Info providers for network resources (EDG WP7+DataTAG WP4)

q For Globus MDS 3.x (part of GT 3):
XML Schema for computing resources (Globus)
Info provider (Globus)
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GLUE Schema: Deployment Status 

l Included in:
– DataGrid 2.0 

l with mixed R-GMA/MDS2 scenario
– VDT 1.1.6 and later (MDS2)
– LCG0 (MDS2)
– LCG1 (MDS2)
– Globus Toolkit 2.x 

l as optional, only for computing resources
– Globus Toolkit 3 

l as optional, only for computing resources
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l All the following proposals have been 
discussed in different contexts, but 
never brought officially within the 
GLUE Schema Group 

l Since every schema change can have 
sensitive impact on the running 
software, we want a mature proposal

Important notice 1
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l It is desirable that all the 
proposed modification will be 
divided in two sets:
– Short term/urgent modification (to 

be discussed and deployed before 
the end of the year)

– Medium term modification

Important notice 2
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Discussion about 
a generic Service model
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GLUE Schema –
defining a generic service schema

l URI: unique identifier for the 
service

l EndPointURL: set of service 
access points that may 
correspond to different 
network addresses and 
bindings (e.g., 
secure/unsecure ports, 
multiple gatekeepers to a 
batch queue)

l Type: the service type, we 
should define an 
enumeration (e.g. edg-
replica-optimization, edg-
replica-metadata-catalog) 

l Status: the service status

Service

URI: string {key}
EndPointURL[*] : string
Type : string
Status: string
Data[*] : string
OwnerName : string
OwnerContact : string
HostingOrganization : string
ImplementationMajorVersion : int
ImplementationMinorVersion : int
ImplementationPatchVersion : int
AuthorizationRule[*] : string
InformationServiceURL[*] : string

service2service
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GLUE Schema –
defining a generic service schema

l Data: set of generic attributes
l OwnerName: The name of the 

primary owner for the service, if 
one is defined. The primary 
owner is the initial support 
contact for the Service 

l OwnerContact: A string that 
provides information on how the 
primary owner of the Service 
can be reached (e.g. phone 
number, email address, ...) 

l HostingOrganization: the 
organization id/name that hosts 
the service 

Service

URI: string {key}
EndPointURL[*] : string
Type : string
Status: string
Data[*] : string
OwnerName : string
OwnerContact : string
HostingOrganization : string
ImplementationMajorVersion : int
ImplementationMinorVersion : int
ImplementationPatchVersion : int
AuthorizationRule[*] : string
InformationServiceURL[*] : string

service2service
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GLUE Schema –
defining a generic service schema

l Major/Minor/PatchVersion: 
service implementation 
major/minor/patch version 

l AuthorizationRule[*]: set of 
strings expressing authorization 
rules for this service 

l InformationServiceURL[*]: URL 
of info service that can provide 
for info about the service (e.g. a 
GRIS, an R-GMA producer)
Q1. is it reasonable to have 
multiple instances of this?
Q2. can we use it also for 
pointing at specific monitoring 
services?

Service

URI: string {key}
EndPointURL[*] : string
Type : string
Status: string
Data[*] : string
OwnerName : string
OwnerContact : string
HostingOrganization : string
ImplementationMajorVersion : int
ImplementationMinorVersion : int
ImplementationPatchVersion : int
AuthorizationRule[*] : string
InformationServiceURL[*] : string

service2service
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GLUE Schema –
defining a generic service schema

l Once this is defined, I’d 
like to see it as a 
generalization of all grid 
services

l already available (e.g., 
computing and storage) 
can inherit from it and 
add/redifine service 
specific aspects

Service

URI: string {key}
EndPointURL[*] : string
Type : string
Status: string
Data[*] : string
OwnerName : string
OwnerContact : string
HostingOrganization : string
ImplementationMajorVersion : int
ImplementationMinorVersion : int
ImplementationPatchVersion : int
AuthorizationRule[*] : string
InformationServiceURL[*] : string

service2service

Computing Service Storage Service
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Discussion about 
Storage Resources revision
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GLUE
Storage Service/Space

l Storage Service:
– grid service identified by a URI
– it manages storage extents in term of Storage 

Spaces 
– it has a type (e.g., edg-se, fs-only, srm)
– it offers a set of data access protocols to 

access files in the Storage Spaces or transfer 
them in/out
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GLUE
Storage Service/Space

l Storage Space: portion of a logical storage extent 
identified by a local unique identifier that: 

– is assigned to a Virtual Organization
– It may be associated to a directory of the underlying file 

system (e.g., /permanent/CMS); this association may be 
many-to-one 

– has a set of policies (MaxFileSize, MaxData, MaxNumFiles, 
MaxPinDuration, Quota)

– has a set of access control base rules (e.g., to privilege 
some VO user against some other)

– has a state (e.g., available space)
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GLUE Storage Space - Open issue
missing Unique ID

l ISSUE: missing Unique Identifier (there was the 
wrong assumption of a 1-to-1 relationship with the 
directory)

l SOLUTION: add GlueSAUniqueID
– The LDAP DIT will change as follow:

ß dn: GlueSARoot=...,GlueSEUniqueID=…,mds-vo-name=local, 
o=grid

dn:GlueSAUniqueID=…, GlueSEUniqueID=…,mds-vo-
name=local,o=grid    
and GlueSARoot will be just an attribute not part of the key
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GLUE Storage Space - Open issue
free space attribute computation

l ISSUE: free space attributes are per Storage Space; 
– schema issue: how do I distinguish if the free space is exclusive 

or shared?
l SOLUTION: 

– Split Quota attribute in BestEffortQuota and GuaranteedQuota,
– Then couple the value of BestEffort/Guaranteed Quota with the 

Free/Used space, e.g.:

Used Free

Guaranteed BestEffort

Quota

Available

Free
Guaranteed

Free
Best Effort
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GLUE Storage Space - Open issue
missing state attribute

l ISSUE: there is no state attribute for an SE

l SOLUTION: 
– Add GlueSEStatus
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GLUE Storage Library - Open issue
what do we need?

l ISSUE:
– The Storage Library is still a raw concept;
– Referring to the storage system, the experience says 

that what need is to represent the state of the 
machine where the service runs

l SOLUTION: 
– Replace the Storage Library with the Host, modeling 

that it is an access machine to a storage system (it can 
be done using the HostRole modeled in the extensions 
for monitoring)
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GLUE Data Access Protocol - Open issue
unique id for a data access prot.

l ISSUE: at present a data access protocol is 
identified by its type; 

– for scalability issues, the same protocol can be used from 
multiple ports, or from multiple machines

l SOLUTION: 
– Add AccessProtocol.URI, this is the key

l E.g., gsiftp://hostaname:port/base_dir

– Remove AccessProtocol.port (not needed anymore, since 
it is part of the URI)
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GLUE CE-SE Bind - Open issue
mounted dir/exported dir

l ISSUE: at present, there is the assumption that the CE 
mounted dir name is equal to the exported SE dir name; this 
is a limitation because if two siteAdmins of two different SEs
use the same name for the exported dir, then the cannot be 
mount on the same cluster

l POSSIBLE SOLUTIONS: 
– 1. we don’t make any assumption on the SE exported dir name, 

the CESEBind.Accesspoint is the local mount dir
– 2. if we need the name of the exported dir, we add one more 

attribute, e.g., CESEBind.ExportedDir
l MORE QUESTIONS: 

– Does this relationship refer to a CE-SE couple or CE-SA 
(SA=Storage spAce)?
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GLUE SE - Open issue
Current IO Load

l ISSUE: at present, there is an input/output load 
attribute for the storage service, but no good 
metric has been defined

l SOLUTION:
– ? Any proposal so that loads from different storage 

service can be meaningfully compared ? 



Storage Service – proposal revision

StorageService

Type : {edg-se, srmv1, srmv2, ufs}
Status : {...}
SupportedFileLifeTime[1..*] : string
SupportedDataAccessProtocol[*] : string

State

CurrentIOLoad : stringAccessProtocol

URI : string
Type : string
Port : int
Version : string
SupportedSecurity[*] : string
AccessTime : int

Policy

MinFileSize : int
MaxFileSize : int
MaxData : int
MaxNumFiles : int
MaxPinDuration : int
BestEffortQuota : int
GuaranteedQuota : int
Duration: int
FileLifeTime : string

State

AvailableSpace : int
UsedSpace : int

AccessControlBase

Rule[*] : string

Host

<see Host for a complete
description>

*

StorageSpace

UniqueID : string
OwnerName : string
OwnerContact: string
Root : string

*

0..1

*

hostedService

TargetSystem

Type : {disk-server, HPSS, dCache, ...}
Architecture : {disk, tape}

Role

Name=StorageAccessNode

LocalFileSystem

Directory

RemoteFileSystem

*

File

Name : string
Size : int
CreationDate : datetime
LastModified : datetime
LastAccessed : datetime
Latency : int
LifeTime : datetime
Owner : string

FileSystem

Name : string
Root : string
Size : int
AvailableSpace : int
ReadOnly : boolean
Type : string
INodeTotal : int
INodeFree : int

Export
0..1

0..1

Directory
ContainsFile

0..1

FileStorage

*

Mount

*

*

*

associatedTo

*

Service

<see Service>



USE CASE – edg-se (to be checked)

StorageService

URI : srm://sehost.cern.ch
EndPointURL : srm://sehost.cern.ch
Type : edg-se
Status : OK
OwnerName : CMS
OwnerContact: cms-siteadmin@cern.ch
SupportedFileLifeTime : permanent
SupportedFileLifeTime : durable
SupportedAccessProtocolType : gridftp
SupportedAccessProtocolType : nfs
SupportedAccessProtocolType : rfio

State

CurrentIOLoad : 0.5

AccessProtocol

URI : gridftp://sehost.cern.ch:2147
Type : gridftp
Version : ?

Policy

MinFileSize : ?
MaxFileSize : ?
MaxData : ?
MaxNumFiles : ?
MaxPinDuration : ?
BestEffortQuota : 1000
GuaranteedQuota : 0
Duration: 0
FileLifeTime : permanent

State

AvailableSpace : 700
UsedSpace : 300

AccessControlBase

Rule: CMS

StorageSpace

UniqueID : CMS:/permanent
OwnerName : CMS
OwnerContact: email@cms
Root : /shared/permanent

AccessProtocol

URI : gridftp://sehost.cern.ch:2148
Type : gridftp
Version : ?

AccessProtocol

URI : nfs://sehost.cern.ch/shared
Type : nfs
Version : 4

Policy

MinFileSize : ?
MaxFileSize : ?
MaxData : ?
MaxNumFiles : ?
MaxPinDuration : ?
BestEffortQuota : 500
GuaranteedQuota : 0
Duration: 0
FileLifeTime : volatile

State

AvailableSpace : 300
UsedSpace : 200

AccessControlBase

Rule: CMS

StorageSpace

UniqueID : CMS:/volatile
OwnerName : CMS
OwnerContact: email@cms
Root : /shared/volatile

ComputingElement

UniqueID : gram://ce.cern.ch:2119/jobmanager-pbs-short
….

bind

CESEBind

CEAccesspoint : /shared nfs://sehost.cern.ch/shared

Cluster

UniqueID : batchserver.cern.ch

Provides

SubCluster

UniqueID : batchserver.cern.ch
…
…

AccessProtocol

URI : rfio://sehost.cern.ch:2020
Type : rfio
Version : ?

TargetSystem

Type : disk-server
Architecture : disk

TargetSystem

Type : disk-server
Architecture : disk



USE CASE – SRMv1@FermiLab

Thanks to Michael Ernst and Timur Perelmutov

StorageService

URI : httpg://cmsgridftp.fnal.gov:24129/srm/managerv1.wsdl
EndPointURL : httpg://cmsgridftp.fnal.gov:24129/srm/
managerv1.wsdl
Type : SRMv1
Status : OK
OwnerName : CMS
OwnerContact: cms-siteadmin@cern.ch
SupportedFileLifeTime : permanent
SupportedAccessProtocolType : gridftp
SupportedAccessProtocolType : dCap
SupportedAccessProtocolType : Kftp
SupportedAccessProtocolType : ftp
SupportedAccessProtocolType : http

State

CurrentIOLoad : ?

Policy

MinFileSize : 0
MaxFileSize : ?
MaxData : ?
MaxNumFiles : ?
MaxPinDuration : ?
BestEffortQuota : 0
GuaranteedQuota : 99999
Duration: 0
FileLifeTime : permanent

State

AvailableSpace : 700
UsedSpace : 300

AccessControlBase

Rule: CMS

StorageSpace

UniqueID : CMS:/permanent
OwnerName : CMS
OwnerContact: email@cms
Root : /pnfs/fnal.gov/usr/cms

TargetSystem

Type : dCache-ENSTORE
Architecture : disk-cache/tape
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GLUE CE - Open issue
from Computing Element to Computing Service

– The ‘Element’ usually reminds to physical entities
– Computing Element or CE is frequently associated to the access 

node machine where the gatekeeper is running

– In our context, we can speak about ‘Computing Service’

– My proposed definition:
– Computing Service: uniquely identified grid service that can 

provide a user software application for computing power in a 
certain execution environment

– Any comments/suggestions?
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GLUE CE - Open issues
Free/Total CPU concept

l ISSUE (by example): 
– I have three worker nodes dual-processor managed by 

LSF; 
– I configure one queue and I assign all 2*3=6 CPUs, each 

CPU can run three jobs (MaxRunJobs=3*6=18); 

CPU1 CPU2 CPU1 CPU2 CPU1 CPU2

1 2 3 2 0 0

X=RunJobs

CE.Info.TotalCPUs=?
CE.State.FreeCPUs=?

Do we refer to physCPU
or to job slots?



FermiLab Meeting, 02 Oct 200330

GLUE CE - Open issues
Free/Total CPU concept

l ISSUE (by example): 
– I have three worker nodes dual-processor managed by 

LSF; 
– I configure one queue and I assigned all 2*3=6 CPUs, each 

CPU can run three jobs (MaxRunJobs=3*6=18); 

CPU1 CPU2 CPU1 CPU2 CPU1 CPU2

1 2 3 2 0 0

X=RunJobs

CE.Info.TotalCPUs
CE.State.FreeCPUs

CE.State.FreeJobSlots=10
CE.Policy.AssignedJobSlots=18
CE.Policy.AssignedCPUs=6

With this solution you can 
have information about both
physical CPUs and job slots
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GLUE SubCluster - Open issue
EDG Constraint – only one

l ISSUE: 
– The limitation is due to a compromise solution, one entity for 

two different concepts:
l How to describe in summary an homogenous set of hosts part of a 

cluster? (no relationships with queue)
l How to describe in summary a set of hosts assigned to a queue, so 

that the matchmaking process is efficient?
l SOLUTION: 

– Use an entity for each concept; need for introducing a new 
entity in relationships with both CE and hosts (given a CE, this
describes in summary characteristics of assigned hosts)

l NOTICE: 
– the subcluster is in relationships with Cluster and Hosts, since it 

describes homogeneous set of hosts that hold the property of 
being part of a certain cluster 



Computing Service – proposal revision

 Computing Service

LRMSType : string
LRMSVersion : string
GRAMVersion : string

Info

HostName: string
GatekeeperPort : string
TotalCPUs : string

State

Status : string
TotalJobs : int
RunningJobs : int
WaitingJobs : int
WorstResponseTime : int
EstimatedResponseTime : int
FreeJobSlots : int
FreeCPUs : int

Policy

MaxWallClockTime : int
MaxCPUTime : int
MaxTotalJobs : int
MaxRunningJobs : int
Priority : int
AssignedCPUs : int
AssignedJobSlots : int

Job

GlobalID : string
LocalID : string
LocalOwner : string
GlobalOwner : string
Status : string
SchedulerSpecific : string

AccessControlBase

Rule : string[*]

*

*

ParticipatingHost

Host

(See Host)

Cluster

UniqueID : string
Name : string

*

SubCluster

UniqueID : string
Name : string
<homogeneity attribute list>

Homogeneity

DisjointedHostsSet

*
provides

assigned

TargetSystem

LocalID : string
<attribute list
describing the target
system>

assigned

*

*

VOSpecific

Name : string
EstimatedResponseTime : int

Service

<see Service>
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Discussion about 
GridICE monitoring extensions of 

the GLUE Schema 
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A couple of sentences about GridICE

l Grid Monitoring Service developed by INFN as 
part of the EU DataTAG project (WP4)

l Started on January 2003
l First release targeted at the current HEP Grid 

middlewares (EDG 1.4/2.0, LCG 0/LCG 1)
l Close collaboration with LCG project in order 

to meet requirements of a monitoring service 
for a Grid Operation Center



GridICE: data flow  

Measurement Service

Grid Information  Service

Presentation Service

Data Collection
(historical)

Detection &
NotificationData

Analyzer



GridICE functional view

GRIS (GLUE+ 
schema)

EDG-WP4 
fmonserver

cluster head node

information 
providers farm 

monitoring
archive

run
ldif output

write

read

information index

GIIS (GLUE schema)

monitoring server

First discovery phase

Second discovery phase

ldap query

ldap query

web interface

Central
Monitoring
Database

cluster
worker node

/proc
filesystem

WP4 sensor

run

read
metric output

metric output

EDG-WP4 monitoring 
agent

EDG-WP4 monitoring 
agent

cluster
worker node

/proc
filesystem

WP4 sensor

run

read
metric output

metric output



Extensions to GLUE Schema (in red)

realizedBy

Host

UniqueID : string
Name : string
UpTime : int

Benchmark

SI00 : int
SF00 : int
BogoMIPS : int

StorageDevice

Name : string
Type : string
TransferRate : int
Size : int
AvailableSpace : int

ApplicationSoftware

RunTimeEnvironment[*] : string

Architecture

PlatformType : string
SMPSize : int

Processor

Vendor : string
Model : string
Version : string
ClockSpeed : int
InstructionSet : string
OtherProcessorDescription : string
CacheL1 : int
CacheL1I : int
CacheL1D : int
CacheL2 : int

ProcessorLoad

Load1Min : int
Load5Min : int
Load15Min : int
TimeInterval : int
User : int
Nice : int
System : int
Idle : int

**

SMPLoad

Load1Min : int
Load5Min : int
Load15Min : int

MainMemory

RAMSize : int
RAMAvailable : int
RAMUsed : int
RAMCached : int
RAMShared : int
RAMBuffer : int
VirtualSize : int
VirtualAvailable : int
VirtualUsed : int

MemoryPageCounter

FrequencyRead : int
FrequencyWrite : int
LastRead : int
LastWrite : int
TimeInterval: int

SwapPageCounter

FrequencyRead : int
FrequencyWrite : int
LastRead : int
LastWrite : int
TimeInterval: int

StorageExtent

Name : string
Size : int
ReadRate : int
WriteRate : int

ResidesOnExtent

Media
Present

LocalFileSystem

Directory

RemoteFileSystem

*

File

Name : string
Size : int
CreationDate : datetime
LastModified : datetime
LastAccessed : datetime
Latency : int
LifeTime : datetime
Owner : string

FileSystem

Name : string
Root : string
Size : int
AvailableSpace : int
ReadOnly : boolean
Type : string
INodeTotal : int
INodeFree : int

Export
0..1

0..1

Directory
ContainsFile

0..1

FileStorage

*

Mount

*

*

*

ProcessCounter

Total : int
Sleeping : int
Runnable : int
Zombie : int
UninterruptibleSleep: int
Stopped : int

SocketCounter

Total : int
TCP : int
UDP : int
RAW : int

InterruptCounter

Frequency : int
Last : int
TimeInterval: int

OperatingSystem

Name : int
Release : int
Version : int

ContextSwitchCounter

Frequency : int
Last : int
TimeInterval: int

NetworkAdapter

Name : string
IPAddress : string
MTU : int
OutbounbIP : boolean
InboundIP : boolean
TXRate : int
RXRate : int
LastOctetsTX : int
LastOctetsRX : int
TimeInterval: int

FileCounter

RegularOpen : int

PoolAccount

Prefix : string
AssignedTo : string
Total : int
Free : int

*
Process

Name : string
Status : string
NumberOfInstances : int
Command : string
FirstStarted : string
LastStarted : string
MemUsageOneMax : int
MemUsageAverage : int
CPUUsageOneMax : int
CPUUsageAverage : int
CPUUsageAll : int
TimeUsageOneMax : string
TimeUsageAverage : string
TimeUsageAll : string

*

*

*

Role

Name : string

*
*

*
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Towards a common extension of the 
GLUE Schema for monitoring

l DataTAG/LCG already have in place 
extensions to the GLUE Schema for 
monitoring purposes

l Grid3 project is defining other extensions
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Towards a common extension of the 
GLUE Schema for monitoring

l We all would benefit from a common extension
l Resources from different grids (e.g., INFN-Grid, 

LCG-Grid and Grid3-Grid) will advertise monitoring 
data using a common schema

l The resource measurement service can be any, MDS 
will do the work of uniform access to data (e.g., 
within GridICE we currently interface EDG FMON, 
Grid3 is supporting Ganglia)
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